Calcium entry via L-type calcium channels acts as a negative regulator of adenylyl cyclase activity and cyclic AMP levels in cardiac myocytes.
It is well established that the inotropic effect of beta-adrenergic agonists is mediated by the stimulation of adenylyl cyclase activity and the subsequent phosphorylation of specific proteins by cAMP-dependent protein kinase. The L-type calcium channel is believed to be one of the proteins phosphorylated; the phosphorylation of calcium channels is believed to increase calcium entry into myocytes, which is, at least in part, responsible for the positive inotropic effect. The present studies show that the cAMP-elevating effect of isoproterenol is increased as extracellular calcium is lowered and that calcium channel blockers potentiate the cAMP-elevating effect of isoproterenol in the presence in extracellular calcium. This effect is not dependent on effects on cAMP catabolism and is not specific for beta-adrenergic receptors, because the cAMP-elevating effect of forskolin is similarly affected. Measurements of adenylyl cyclase activity in cardiac membranes show that submicromolar Ca2+ concentrations directly inhibit adenylyl cyclase activity. These results demonstrate that increased entry of Ca2+ via L-type calcium channels in response to beta-adrenergic receptor stimulation acts as a negative regulator of the effect of beta receptor stimulation on adenylyl cyclase activity.